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ABSTRACT 

Continuous egg and larvae sampling 
were used to estimate the abundance and 
temporal distribution of fish eggs and 
larvae at the Bureau of Reclamation’s 
Tracy Fish Collection Facility (TFCF) 
during the spring ? 994 spawning season. 
The purpose of this study was to evaluate 
the applicability of automated egg and 
larvae counting systems, compare 
continuous pump sampling to tow-net 
methods, and to provide a baseline egg 
and larvae data set for fishery scientists. 
More than 150 million egg and larvae 
were estimated to have been entrained at 
the TFCF from February 6 to June 6, 
1,994, and the observation of live eggs 
suggested spawning in the vicinity of the 
TFCF. For the entire study period, 
approximately 90 percent of entrained 
eggs and larvae were prickly sculpin, 
Cottus asper, 5 percent were striped 
bass, Morone saxatillis, and 3 percent 
were Shimofuri goby, Tridentiger 
bifasciatus. The remaining 2 percent 
were composed of 15 minor species. 
Prickly sculpin dominated February and 
March entrainment but diminished in 

April, after which Shimofuri gobies and 
striped bass were the dominant species. 
At the TFCF, more striped bass and 
prickly sculpin eggs and larvae were 
collected during night sampling. Striped 
bass eggs were more abundant than 
larvae in April and May ,while the 
converse was true in June. Comparison 
of continuous pump sampling data to tow- 
net sampling conducted by the California 
Department of Water Resources revealed 
that both methods detected the onset of 
spawning activity at around the same 
time. However, actual numbers of E&L 
collected, species relative proportions, 
and relative proportions of eggs to larvae 
were different for the 2 sampling 
methods. While both E&L collection 
methods have advantages and 
limitations, it appears that continuous 
pump sampling is a better method for 
estimating localized entrainment at the 
TFCF. Tow-netting, on the other hand, 
may reveal more representative 
information about regional spawning 
activity in the south Delta. 



Tracy Fish Collection Facility Studies 

INTRODUCTION 

ihe Central Valley of California contains 
two major drainages: the Sacramento 
River system to the north and the San 
Joaquin River system to the south. 
These systems converge in the 
Sacramento-San Joaquin River Delta 
region (the Delta) in central California 
and flow westward through Suisun and 
San Francisco Bays to the Pacific Ocean. 
The Central Valley Project (CVP), 
authorized in the mid-l 930’s, regulates 
these river systems and provides flood 
control and water supply for irrigation, 
drinking water, industrial usage, and 
power generation. In addition, the CVP 
provides improved Sacramento River 
navigation, conservation of fish and 
wildlife, and public recreation 
opportunities. 

The CVP was developed over several 
decades and includes nine divisions. 
The Delta Division (see map in figure I), 
draws water from the Old River 
(a distributary of the San Joaquin River) 
using pumps at the Tracy Pumping Plant 
(TPP). The TPP draws water through 
louvered fish screens at the Tracy Fish 
Collection Facility (TFCF), pumping the 
water up 197 feet in elevation into the 
Delta Mendota Canal (DMC). Water in 
the DMC flows by gravity to the southeast 
and is reused for irrigation and municipal 
drinking water supply before re-entering 
the San Joaquin River drainage system. 

The TFCF, shown in figure 2: was 
designed and built in the 1950’s to divert 

young fish from intake flows before they 
are pumped into the DMC. Fish diverted 
in the TFCF are returned to Delta waters 
by transport to release sites on the San 
Joaquin River. The species of concern at 
the time of TFCF construction included 
chinook salmon smolts, Oncorhyncus 
tschawyscha, and striped bass, Morone 
saxati//is(a non-native species introduced 
into Delta waters), 

The fish communities and ecological 
conditions of the Delta have undergone 
dramatic changes over the past 50 years 
(Stevens et al., 1985), and water quality 
and fish habitat have been altered by 
irrigation agriculture, an increasingly 
urban human population, increased water 
demand and re-use, along with the 
introduction of non-native species. 
Several fish species have declined in 
numbers, including the Delta smelt, 
Hypomesus transpacificus, a native 
species now federally listed as 
threatened, and the striped bass. Two 
other species, the splittail, Pogonichthys 
macrolepidotus, and longfin smelt, 
Thaleichthys pacificus, have also been 
proposed for Endangered Species Act 
listing. At the TFCF, historical fish 
salvage numbers have also declined, 
partly caused by Delta fish population 
trends, and partly due to facility salvage 
efficiency factors. 

The reasons for the fish population 
declines are complex; however, 
researchers at the California Division of 
Fish and Game (CDFG) have suggested 
that insufficient Delta outflow and the 

2 
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Figure 1 Map showing the general location of the CVP Delta Division, including the 
TFCF and the TPP. 
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Figure 2 Schematic of the Tracy Fish Collection Facility. Arrows indicate direction 
of the majority of water’s flow. 
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entrainment of fish eggs and larvae (E&L) 
in state and CAP facilities during the 
spring spawning season may have 
contributed to observed declines. Since 
1980, the CDFG has monitored striped 
bass abundance in the Delta (Stevens et 
al., 1985) and has noted a correlation 
between the striped bass decreases and 
increased water diversions (CDFG, 
1992). Because eggs are slightly 
heavier than fresh water and require 
water currents for transport, Arthur, et al. 
(1990) suggested that striped bass larval 
survival might be enhanced with sufficient 
outflow to transport E&L through the 
Delta to nursery areas in Suisuin Bay. 
Although the TFCF annually salvages 
from 2 to 14 million fish, it was originally 
designed to divert juvenile fish, so many 
E&L are also entrained through the TFCF 
and pumped into the DMC. 

In response to the lack of available E&L 
data at the TFCF, Reclamation developed 
a sampling methodology for counting 
striped bass E&L in 1989. Subsequently, 
Hiebert (1995) improved and patented a 
continuous ichthyoplankton pump 
sampler (CIPS) that was used to estimate 
egg and larval entrainment at the TFCF 
for this investigation. Data from the CIPS 
samples were used to fulfill three 
objectives: 1) estimate numbers of E&L 
entrained at the TFCF during spawning 
season (which begins when water 
temperatures reach 14.5OC, usually in 
April), and typically continues through 
June or until temperatures reach about 
20.5”C (Moyle, 1976); 2) identify the fish 
species entrained and their relative 
abundance; and 3) compare CIPS 

sampling with townet E&L sampling 
methods used by the California 
Department of Water Resources (DWR) 
in the south Delta during the 1994 
spawning season. 

This study is an outgrowth of a 1992 
agreement between the Reclamation and 
CDFG concerning the overall modification 
and improvement of the TFCF intended to 
improve fish salvage efficiency. As a 
result of this agreement, a major program 
called the Tracy Fish Facility 
Improvement Program (TFFIP) was 
initiated to implement studies on 
improved fish screen technology and fish 
salvage efficiency improvements. 

STUDYAREA 

The TFCF, located 9 miles (14.4 km) 
northwest of Tracy, CA, is at the western 
edge of the Central Valley and in the 
Sacramento-San Joaquin River Delta 
(figure 1). Discharge through the TFCF 
was measured during the course of this 
study, from February 6, 1994 to June 6, 
1994, and ranged from 359 cfs (10.2 
m3/s) to 4,260 cfs (120.6 m3/s). These 
discharges were subject to a combination 
of pumping rate, tidal, and hydrological 
influences. At the TFCF, local high tide 
occurs about 8 hours after, and an 
average of 68 percent of the height of 
that recorded at the Golden Gate Bridge 
(Pacific Publishers, 1994). 

Through winter and into April, high runoff 
from the San Joaquin River provides a 
majority of the water to the TFCF at low 
tide. At high tide a greater proportion of 
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Sacramento River water is backed up into 
the TFCF. Because the two rivers have 
different water chemistry, water quality 
also differs with tide. Hiebert (1995) 
showed that low tide water conductivity at 
the TFCF is generally higher when San 
Joaquin water predominates; and the 
converse is true at high tide. This 
relationship is not so obvious after flow 
restriction barriers (figure 1) are installed 
in the Old River near the TFCF (usually 
May 1 through October 1). 

METHODS AND MATERIALS 

Sampling 

The CIPS unit was located behind the 
trashrack (see figure 2) suspended 5 ft 
(1.5 m) off the bottom of the intake 
channel. Depth from the surface varied 
depending on the tide height. The CIPS 
uses a screw-impeller helical pump to lift 
water up into a headbox/energy 
dissipater, which then flows through a 
wedge-wire screen into screened 
collection buckets. 

A minimum of 20 one-hour samples were 
collected daily between February 6 and 
June 6, 1994. Over 3,000 hourly samples 
were collected and preserved following 
methods suggested by Hiebert (1995). 
Of these, E&L were counted on 1,219 
samples, usually selected every second 
or third hour (more frequently during peak 
periods of E&L entrainment). This 
sampling procedure was in effect for the 
duration of this study, except for April 4, 
and April 29 through May 3, when 
equipment malfunctioned. Missing data 

for these periods were estimated using 
linear interpolation. The histogram in 
figure 3 shows that equal numbers of 
CIPS samples were counted throughout 
most hours of the day. 

Because the CIPS unit did not retain 
every E&L that entered its intake, the 
sampler’s efficiency was determined so 
that actual E&L numbers could be 
estimated. A known number of striped 
bass E&L were injected into the CIPS 
intake over a known period of time to 
calculate efficiency for adjusting all 
species’ data. Note that the CIPS inlet is 
only sampling a small cross-section of the 
TPP intake channel. 

Measurement of Physical and 
Chemical Properties 

Tide height, pumping volume, and Delta 
outflow data for the period of this study 
were gathered for analysis with E&L data. 
Daily pumping rate data (total flow 
through the TFCF) were provided by 
TPP operators and were used to 
calculate the estimated total number of 
E&L entrained at the TFCF. The DWR 
provided Delta outflow information. Tidal 
height, water temperature, and 
conductivity were measured using a 
Hydrolab Model H20 multiprobe 
(Hydrolab, Inc.) located adjacent to the 
sampling apparatus. The Hydrolab also 
measured pH and dissolved oxygen, 
however, these probes were not regularly 
calibrated. 

6 
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Figure 3 Histogram showing uniformity of CIPS sampling design in this study. 
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Equations for CIPS Efficiency 
Adjustment 

CIPS egg or larvae count raw data were 
entered into SPSS’ (Statistical Package 
for the Social Sciences) for data analysis 
and plotting. All necessary calculations 
were performed within SPSS@ , or using 
Microsoft Excel@ 97 on imported tabular 
summary tables from SPSS@. The hourly 
entrainment rate for all species was 
estimated using Equation 1: 

Equation 1 

WHERE 

E,, = 

c, = 

Q, = 

Q, = 

a = 

Entrainment rate 
(Number of eggs or 
larvae/hr) 
Number of eggs or 
larvae collected in 
CIPS/hr) 
Discharge pumped 
through the 
TFCF/hr) 
Discharge pumped 
through the ClPS/hr) 
CIPS efficiency 
adjustment 
(constant) 

7 
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These values were calculated for each 
hourly CIPS sample that was counted (or 
interpolated). Average hourly 
entrainment values (calculated by SPSS) 
were then multiplied by 24 to get the 
number of eggs or larvae entrained per 
day. 

RESULTS AND DISCUSSION 

The CIPS data collected in this study are 
summarized in the appendix. Table A-l 
contains hourly adjusted E&L data for the 
major species observed during this study. 
This table also provides flow pumped 
through the TPP (cfs), along with 
conterminous Hydrolab water quality 
data. TPP pumping rate discharge and 
Delta outflow for the years 1991-I 994 are 
plotted in figure A-l, and plots of 
Hydrolab water quality variables 
(conductivity, pH, temperature, probe 
depth) in figure A-2. 

For this study period, the CIPS recovered 
100 percent of striped bass eggs and 67 
percent of striped bass larvae, yielding 
1 .O and 1.5 adjustment factors (Equation 
I, constant a), respectively. These 
adjustment factors suggest an 
improvement over earlier CIPS 
performance, likely resulting from design 
improvements to the apparatus (Hiebert, 
unpublished communication, 1994). 
Table 1 summarizes the spring 1994 
species totals for the flow- and 
measurement efficiency-adjusted 
numbers of E&L entrained at the TFCF 
during this study. Note that previous 
years’ CIPS species proportions were not 
the same as 1994. 

Approximately 154,000,000 total E&L 
were estimated to have entered the TPP 
intake during spring 1994 Of these, 
141 ,OOO,OOO were prickly sculpin, 
7,390,OOO striped bass, and 4,280,OOO 
tridenteger gobies. These three species 
composed 98 percent of the total E&L 
catch. The remainder of the catch, called 
minor species in this report, was 
composed of 15 fish species. 

Figure 4 presents pie charts showing the 
relative proportions of entrained fish 
species for each month of the study 
period. These charts show that the 
relative proportions of the major fish 
species vary from month to month. 
February (total adjusted E&L = 1.01 X 
IO’) and March (total adjusted E&L = 3.64 
x IO*), the months with highest numbers 
of entrained E&L, show prickly scuplin as 
the dominant species. April (total 
adjusted E&L = 1.79 xl 08) indicates the 
appearance of tridenteger gobi and 
striped bass E&L, at much lower numbers 
of total adjusted E&L. By May, total 
adjusted E&L counts have dropped to 
5.34 x IO7 and prickly sculpin E&L are 
only a small proportion of total E&L. No 
prickly sculpin E&L were observed during 
June. 

Throughout the study, daily E&L counts 
were highly variable for all species, with 
values ranging from zero to nearly ten 
million. Figure 5 plots total adjusted 
CIPS E&L counts (expressed as daily 
average E&L/hour) for all species 
combined, and figure 6 shows similar 
daily E&L counts for each of the observed 
major species. Figure 5 data show that 
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Table 1 Total adjusted E&L entrained at the TFCF, by species, derived from semi- 
continuous CIPS data collected from February 6 to June 6, 1994. 

_--- -_-...-----~-- ---~-_-._.-- .---~--. - -. - ..-. .- .__ 
I 
i- - -~ -Species 

Total E&L, Pefcen tm -.__- 
1 ----p~~yi$ sigl@---- 

-- .._ -.----.---~-*~.~ 
141 000 000 

- .- -.-.-----.- _._. ---_- _.., 
91.28 percent -L~L_-- _----.~.~--. --_--.-. 

stnped bass 
.--._-_ --. 

LTr-shsger gobi +--- 7 390 0001 ---I- 4.80 percent: , i 

1 4 280,OOOi --.L-- 2.78j%if%ifi 
t h reaTinm--.-r- 337,000’ 0.22 percent; r--. - -....- __~___ -- ----..- -.---- .__------___- 

I bluegrll 291 ,ooT c. 19 percent i-- --- Centrarchid fish - / 
-channelcatfish j 

215,000 0.14 percent 

1 
202,000, 0.13 percent -p-y--- 

f*n$$l,S~~~~e i 
-189,000; -0.12 percent’ 

1850001 
-_ 

0.12 percent 
Delta smelt j 92,400’ 0.06 percent 

Cyprinid fish 60,100 
j 

0.04 percent 
largemouth bass 48,900 0.03 percent 

3-spined stickleback 36,300 0.02 percent 
carp 26,600 0.02 percent 

bigscale logperch 25,800 0.02 percent 
splittail 19,300 0.01 percent 

white catfish 15,400 0.01 percent’ 
golden shiner I 15,100 o.o& 

red shiner 5,570 
Wakasagi 2,740 %igs%! 

Sum of Eggs / 9,550,ooo 6.20 percent 
Sum of Larvae 7#5,000,000 93.84 percent 

Sum of E&L 154,000,000’ -_i 
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Figure 4 Pie charts showing relative proportions for-fish species’total adjusted egg and larvae counts 
per day measured using the CIPS. Pie charts are arranged by month. Note that only 6 days 
of ClPS samples were collected during June. 
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Figure 4 (Continued) 

APRIL Total E+L: Species Proportions 

(n = 330, Total = 1.79E+08) 
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Figure 4 (Continued) Note that only 6 days of CIPS samples were collected during June. 
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Figure 6 Flow and efficiency-adjusted egg+larvae data for the major species identified 
in this study. Data points represent average daily counts in number/hour. 
Note the different y-axis scales for each specie. 
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Figure 6 (Continued) Flow and efficiency-adjusted egg+larvae data for the major 
species identified in this study. Data points represent average daily counts 
in number/hour. Note the different y-axis scales for each specie. 
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Figure 6 (Continued) Flow and efficiency-adjusted egg+larvae data for the major 
species identified in this study. Data points represent average daily counts 
in number/hour. Note the different y-axis scales for each specie. 
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Figure 6 (Continued) Flow and efficiency-adjusted egg+larvae data for the major 
species identified in this study. Data points represent average daily counts 
in number/hour. Note the different y-axis scales for each specie. 
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the greatest numbers of E&L (from prickly 
sculpin) were entrained before the middle 
of March, with significantly lower total 
E&L (by several orders of magnitude) for 
the remainder of the major and minor 
species. The species plots in figure 6 
suggest that prickly sculpin spawning 
may have commenced before CIPS 
measurements were started, and that 
each fish species shows an abrupt 
increase in total E&L on specific dates 
associated with the onset of spawning. 
These data corroborate previously 
reported observations (Spaar, 1992, 
1993; Hiebert, 1995; Spaar and 
Wadsworth; 1995; Wadsworth; 1996), 
that different species spawn and are the 
dominant source for E&L during different 
portions of the season. The onsets of 
each specie’s spawning activity have 
been linked to water temperature (Wang, 
1986; Moyle, 1976; and Spaar, 1992). 

Prickly sculpin E&L were mainly collected 
February 6 through April 15, a period that 
closely corresponded to reported 
temperature preferences of 8” to 13°C 
(Wang, 1986). Striped bass eggs were 
first collected on April 1 (table 3) when 
the temperature was 16.8”C. These 
results coincide with the known striped 
bass spawning temperature range of 
14.4”C to 21.1” C (Moyle, 1976). In 1991, 
striped bass eggs were first observed on 
April 16; when the water temperature 
averaged 15°C (Spaar, 1992). The 1994 
CIPS data suggest that the onset of 
striped bass spawning probably occurred 
no earlier than March 30, when the water 
temperature was 16.4”C. The last striped 
bass egg was collected on June 4, when 
minimum observed water temperature in 
the previous 48 h was 21.6”C. These 
observations suggest that the 1994 
striped bass spawning season lasted 
from March 30 to June 3, when water 

temperatures ranged from 16.8”C to 
21.6”C. 

Generally, the proportions of egg to 
larvae entrained at the TFCF provide 
qualitative information regarding distance 
to the spawning habitat. Egg entrainment 
suggests that spawning occurred closer 
to the TFCF, while larval entrainment 
suggests more distant spawning and 
time-lags in transport (Hiebert, 1995). 
Also, older and larger entrained larvae 
suggest transport from greater distances. 
In 1994, striped bass eggs (first collected 

on April 11) outnumbered larvae from 42 
to 70 times through May 15. From May 
16 to June 6, larvae were more common 
than eggs, suggesting spawning more 
distant from the TFCF. So, temperature 
and spawning location influence not only 
entrainment rate but also egg and larval 
duration, timing, and developmental stage 
observed at the TFCF. 

While water temperature probably affects 
the timing of south Delta spawning 
activity, entrainment at the TFCF appears 
more regulated by local flows. Figure 
A-l (see appendix) shows graphs of TPP 
pumping and Delta outflow for the 1991- 
1994 spawning seasons. A comparison 
of the figure 5 total E&L data with the 
1994 TPP pumping discharge shows a 
visible relationship, suggesting that 
entrainment is most affected by TPP 
pumping rate. Previous years’ CIPS data 
also suggested maximum observed 
entrainment of E&L during periods of 
maximum TPP pumping. Figure 7 shows 
a plot of 1994 total E&L (as adjusted daily 
average E&L/hr) vs. TPP daily average 
pumping rate. These data shcw a 
nonlinear correlation that supports the 
common sense observation that larger 

18 
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Figure 7 Plot of total E&L entrained (daily average adjusted E&L/hr) at the TFCF vs. 
TPP pumping. 

a 

F 
? 

I a 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

50000 

0 

Average Total E&L vs. TPP Pumping 

I 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 

TPP Pumping Flow, cfs 

19 



Tracy Fish Collection Facility Studies 

TPP pumping flows draw more E&L 
through the TFCF intake. The variability 
and scatter in this relationship are 
probably caused by the additional 
influence of tidal fluctuations, other 
hydrodynamic mixing variables, and other 
factors influencing spawning in the south 
Delta. 

Comparison of Previous Year UPS 
and 7994 Tow-net E&L Data 

Table 2 summarizes E&L data by species 
from CIPS at TFCF and California DWR 
tow-net sampling. In 1994, DWR 
collected tow-net samples at 2-week 
intervals from 7 stations located in the 
general area of the TFCF. DWR tow-net 
sampling at all 7 south Delta stations was 
performed during a single day. Note that 
these data are not adjusted for 
measurement efficiency or scaled to 
approximate channel concentrations of 
E&L. In the right 3 columns, CIPS data 
from the TFCF are also presented for the 
1991-1993 spawning seasons. All data 
have been edited to 3-significant figures. 

Before comparing tow-net and CIPS data, 
note that previous-years’ CIPS data in 
table 2 show varying species proportions 
and dominant species. These results 
suggest that the species percentages 
vary considerably from year to year, even 
using the same sampling methodology at 
the same location. For example, 1991 
and 1993 CIPS data show striped bass as 
the dominant species (72.8 percent and 
94.3 percent, respectively), while prickly 
sculpin were dominant in 1994 (89.4 
percent). In 1994. DWR tow-net 
sampling collected approximately half 
fewer eggs than CIPS for April samples. 

In the first half of May, CIPS-collected 
KNs were approximately 50-times 
greater than tow-net collections. 
Likewise, DWR collected fewer striped 
bass larvae in April, but in May collected 
approximately2.5-times the CIPS counts. 
In April of 1994, twice as many striped 
bass larvae were sampled, compared to 
DWR tow-net sampling; however, CIPS 
counts were around 0.25times tow-net 
larvae counts in May. Interestingly, the 
1994 DWR townet data also show 
different dominant species proportions 
and counts compared to the same-year 
CIPS data at the TFCF, with DWR data 
indicating tridenteger gobi as the 
dominant species (62.2 percent) for the 
DWR areal sampling coverage. 

0 bserved differences between tow-net 
and USBR data in absolute E&L counts 
are probably due to both spawning 
location heterogeneity and differences in 
collection methods. Tow-net sampling is 
less temporally representative and 
integrative over time; however, the 7 
DWR sampling stations are a better 
representative sampling of the wider 
south Delta region fishery. Wadsworth 
(1995) observed that in most years, tow- 
net sampling for E&L near the TFCF 
appeared to reflect the general period of 
spawning in the Delta, and indeed, the 
onset of 1994 E&L collections were 
similar fo!- both CIPS and tow-net data. 
CIPS features superior 
representativeness with respect to 
location specificity and temporal 
integration. Taggart and Leggett (1984) 
observed that nets were more efficient at 
low egg and larvae densities than pumps, 
while pumps gave more accurate 
estimates of E&L abundance at high 
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Table 2. Unadjusted E&L numbers, and species proportions, in percent, fro,m Reclamation’s semi-continuous CIPS sampling (USSR), 
Compared to OWR’s townet sampling during 1994. The 3 right-hand columns summarize species percentage proportions from 
previous 1991-l 993 CIPS data collected at the TFCF. 

1994 USBR CIPS Data 1994 DMU Townet Da!a 
Previous Years Species 

2/6/94 to 6/6/94 2/11/94 to 7/6/94 Percentages (USBR CIPS 
Data) 

-- -l_-l_ 

Scientific Name 
Number Species Number Species 248 to 2/23 to 4/27 to 

Common Name Collected Pefcent Collected Percent 6/l 6/93 6/3/92 6/I 2/91 

Sculpin Farnil! Cottidae 
___~__-- 

prickly sculpin Cottus asper *7,131 89.4 4,076 33.6 8.50 / 33.1 -j 1.00 

Temperate Bass Farnil> Percichthyidae 
I---- 

striped bass Morone saxatillis 2,510 5.22 73 0.60 72.8 17.2 94.3 
-I 

Goby Farnil? Gobiidae 

Tridentiger gob) Tridentiger b$zciatus 900 3.14 7,548 62.17 6.80 15.7 1 1.60 
I_-.- 

Hw-ring Family Alosidae 

threadfin shad Dorosotna petenese 75 0.21 354 2.92 5.80 11.3 0.05 
---___ 

Catfish Farnil! Arneiuridae 15 0.12 

white catfish .4nreiurus calus 4 0.01 0.00 1.00 0.00 

channel catfish .4meiuruspunctatus 22 0.13 0.14 0.00 0.00 
-___ 

Minnow Family Qprinidae 5 0.03 19 0.16 1.50 3.10 
- 

colnmon carp (Zyprinus carpio 3 0.02 0.00 0.00 0.00 
-_ 

splittail , Pogonicbrbys 5 0.01 1 
macrolepidofum 

CO1 0.28 CO1 0.00 
______~... .__ 



Table 2. (Continued) 

Common Name 

1994 USBR CIPS Data 1994 D WX Townet Data Previous Years Species 
2/6/94 to 6/6/94 2/l l/94 to 7/6/94 Percentages (USBR UPS Data) 1 

Number Species Number Species 2/28 to Z/23 to 4/27 to 
Scientific Name 

Collected Percent Collected Percent 6/l 6193 6/3/92 6/I 2/91 
- 

golden shiner 
Notemigonus 
crysoleucas 

3 0.01 0.00 0.00 0.00 

red shiner Nolropis lutrensis 1 co.01 0.00 0.00 0.00 

--.-__ -- 
Perch Farnil! Percidae 

bigscale logperch Percina macrolepidota 1 0.02 34 0.28 0.68 0.90 0.07 

Smelt Family Osmeridae 

Delta smelt 
Hypomesus 
transpacijicus 15 0.06 5 0.04 0.02 0.02 0.02 

longfin smelt Spirinchus fhaleichthys 9 0.12 0 0.00 0.00 0.00 0.00 

wakasagi 
Hypomesus 
nipponensis 1 co.01 0 0.00 0.00 0.00 0.00 

Sucker Family Catastomidae -7 

Sacramento sucker 
Catastomus 
occidentalis 10 0.12 0 0.00 0.18 0.10 ‘To1 
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Tracy Fish Collection Facility Studies 

densities where multi species sampling 
was involved. No information, however, 
is available regarding the within-channel 
variability for CIPS E&L counts at the 
TFCF. The current study is based on a 
single position CIPS intake that is very 
small relative to the channel cross- 
section. Some vertical integration is 
inherent in the CIPS operations because 
tidal fluctuations change the depth of the 
intake; however, lateral channel 
representativeness is unknown. 

The observed differences between townet 
and CIPS data, and between 1994 and 
previous spawning years data, suggest 
that the mix of spawning species E&L is 
highly variable and heterogeneous in 
south Delta waters. The causes for this 
variability likely include varying annual 
weather patterns, local hydrodynamic 
complexity at the TFCF, and regional 
factors affecting specific fish population’s 
health. These differences suggest that 
entrainment data from the TFCF is fairly 
site-specific, and should not be 
considered as representative of regional 
south Delta spawning patterns. The 
CIPS data, however, represent the best 
available tool for estimating E&L 
entrainment for the TPP intake, and they 
provide an important complement to the 
DWR tow-net E&L data. 

E&L Data and Die/ Preferences 

Several species appear to show die1 
preferences for entrainment in the CIPS. 
Figure 8 shows cumulative E&L counts by 
hour of the day for each of the major 
species. These data, which include both 
egg and larvae data as stacked bars, 
show that eggs were only rarely counted 
relative to larvae (no tndenteger gobi 
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eggs were observed) during the 1994 
spawning season. Except for an elevated 
2:00 PM afternoon maximum, more 
prickly sculpin E&L appear to be 
entrained at night. Minor species may 
suggest some weak diel association, but 
tridenteger gobi show no apparent time of 
day preferences. The lack of diel 
preference for these species may be 
related to the areal extent of spawning in 
the south Delta. For example, prickly 
sculpin spawn throughout the Delta and 
its tributaries and E&L that are spawned 
some distance from the TFCF may take 
several weeks to arrive at the facility. 
Their time-lagged arrival and repeated 
mixing by tidal fluctuations may conceal 
any actual diel preference at the original 
spawning habitat. 

Striped bass, however, were clearly 
entrained more at night with a 1:OO AM 
maximum. These results are in contrast 
to Hiebert’s 1992 study when 78 percent 
of striped bass E&L were collected during 
daylight conditions. It is probably safe to 
conclude that the presence of viable eggs 
in the CIPS suggests spawning in the 
near vicinity of the TFCF, and that larvae 
have been in the water longer than eggs, 
suggesting more distant spawning 
activity. Once again, these data 
underscore the year to year variability in 
spawning counts. 

Entrainment of Endangered and 
Threatened Species Larvae 

Species of concern (endangered or 
threatened fish species) larvae were 
infrequently entrained by the CIPS and 
observed in low numbers. These data 
are summarized in appendix table A-2. 
Spawning trends for the Delta species of 
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Figure 8 Plot of total E&L entrained (daily average EWhr) at the TFCF vs. time of day for the major 
species observed in this study 

Prickly Sculpin - Adjusted E&L vs. Time of Day 

Time of Day 

Tridenteger Gobi and Minor Species Adjusted E&L vs. Time of Day 

Time of Day 
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Figure 8 (Continued) Plot of total E&L entrained (daily average E&L/hr) at the TFCF 
vs. time of day for the major species observed in this study. 

Striped Bass - Adjusted E&L vs. Time of Day 
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concern were difficult to evaluate given 
that very few of their larvae were 
entrained, accounting for less than 
1 percent of larvae collected in 1994 
(also noted by Hiebert, 1995). 

The 7 longfin smelt larvae captured in the 
CIPS during February were collected 
between 6 a.m. and 4 p.m. Two 
additional longfin smelt larvae were 
collected during early April, at 11 am and 
7 pm. Longfin smelt were captured in 
February and April of 1994 and were of 
two size ranges (table A-2): between 6 
and 8 mm in early to mid-February, and 
up to 19.0 mm in early April. Their 
collection in February 1994 may have 
been at the end of the spawning season, 
which has been reported as lasting from 
December through February in freshwater 
portions of the Delta (Moyle, 1976). 

Splittail larvae were nearly always 
collected at night in 1991 and 1994. All 
but one of the 1994 splittail larvae were 
captured between 11 pm and 6 am. All 
five splittail collected in 1994 were 
captured in late April and early May. 
Splittail larvae ranged in size from 5.1 to 
10.1 mm (table A-2), with smaller larvae 
collected earlier in the season. 

Delta smelt larvae were entrained within 
the reported spawning period. All Delta 
smelt captured in February were between 
6 and 7 mm full length (FL), while those 
captured in April 1994 were between 10 
and 20 mm FL (table A-2). These data 
suggest that the spawning period lasted 
from late January through early April, 
within reported dates for the Delta smelt 
spawning period. The Delta smelt 
entrainment rate did increase during one 
temperature peak (16 days during April); 

however, this period is also when the 
TPP was pumping at an temporary 
maximum flow rate. 

Approximately 75 percent of Delta smelt 
larvae were collected at night, and this is 
in contrast to 1991-1993 continuous 
sampling when Delta smelt larvae were 
entrained during daylight hours (Hiebert, 
1995). Thirteen of the fifteen Delta smelt 
larvae collected in 1994 were collected 
between April 13 and 24 during a water 
temperature peak. There was no 
observable relationship between Delta 
smelt and either tide or specific 
conductance in 1994. From these data, it 
was not possible to predict when, during 
a given day, most Delta smelt would have 
been entrained. 

CONCLUSIONS 

Continuous egg and larvae sampling at 
the TFCF has improved over a 5 year 
period (1990 to 1994), and CIPS should 
be considered a reliable methodology to 
estimate E&L at specific locations. The 
species collected in the CIPS were similar 
to those collected in earlier USBR (1991 
to 1993) and DWR studies (1991 to 
1994); however, the dominant species 
varied from year to year and between 
CIPS and tow-net methods. DWR tow- 
net survey E&L data are probably more 
representative of generalized south Delta 
spawning patterns, but the temporal and 
site-specific representativeness 
associated with the CIPS suggest that the 
continuous pumping approach is the 
more appropriate methodology for 
estimating entrainment of E&L at the 
TFCF 
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During the 1994 spawning season, prickly 
sculpin E&L dominated during February 
and March CIPS sampling, Tridentiger 
gobies were at their highest level in April, 
and striped bass dominated from May 
through June. Prickly sculpin accounted 
for 89 percent of E&L collected in 1994, 
suggesting a large and successful 
spawning season for that species. 
Pumping and Delta outflow diminished 
through April 1994 when striped bass 
spawning began. As a result, total E&L 
entrainment was low except during 
temperature peaks. Overall, striped bass 
E&L were collected in fewer numbers 
than in past continuous sampling at the 
TFCF. 

The timing of spawning onset is 
influenced by water temperature, and the 
general health of fish species’ 
populations in the south Delta fishery. 
Whether entrainment occurs at the TFCF 
depends on the timing of spawning for 
specific species. The total amount of 
E&L entrainment at the TFCF appears to 
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be most strongly influenced by the TPP 
pumping flow rate, especially at higher 
discharge flows. At high TPP pumping 
rates, tidal influences are minor; however, 
tidal effects may be more pronounced 
during low pumping flows. However, the 
1994 CIPS data do not show a stong 
relationship with tidal effects for striped 
bass, which spawned during the lower 
TPP pumping rates of April through June. 
The proportions of eggs to larvae 
entrained at the TFCF most related to are 
the proximity of specific nursery sites, and 
the overall TPP pumping volume. 

Delta smelt, splittail, and longfin smelt 
totaled less than 1 percent of E&L 
collected .during the 1994 spawning 
season. The former two species were 
collected during late evening and early 
morning while the latter species was 
collected during mid-day sampling. 
Continuous sampling and DWR townet 
sampling produced similar results for 
Delta smelt and splittail in 1994. 
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Table A-l Summary of flow-adjusted hourly CIPS E&L entrained during the 1994 spawning season at the TFCF. 
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Figure A-l 1991-1993 daily average pumping at the TPP and Delta discharge. 
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Figure A-2 Summary plots of water quality variables measured using the Hydrolab. 
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Table A-2 Endangered species delta smelt, longfin smelt, and splittail larvae 
collected in continuous E&L sampling at the TFCF, February 6 - June 6, 
1994. 

April 20 0500 13.8 
April 21 0900 16.0 
April 23 1400 17.2 
April 23 1700 15.2 
April 24 0300 13.5 
April 24 0500 20.0 

splittail April 20 0000 10.1 
1 April 20 1 0600 1 5.1 

April 20 0600 5.2 
April 22 1400 9.3 
May 4 2300 7.2 

longfin smelt Feb. 11 1000 7.0 
Feb. 12 1000 7.8 
Feb. 13 0600 7.2 
Feb. 14 1600 7.0 
Feb. 14 1600 7.8 
Feb. 15 1400 7.9 
Feb. 17 1300 6.0 
April 5 1100 19.0 

1 Awil 6 I 1900 1 mutilated 
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